INTRODUCTION
Maternal thyroid hormone levels during pregnancy play a crucial role in the development of neonates and children. 1 Any gestational period thyroid hormone disorder may lead to obstetrical complications along with effects on the fetus. 2 Fetal growth is also affected by maternal thyroid levels. 3 Various physiological changes, alterations of thyroxine-binding globulins, human chorionic gonadotropin levels, and change of iodide metabolism affect maternal thyroid hormone levels. 4 Therefore, to ensure optimal maternal and fetal health, it is recommended to properly assess thyroid function of all pregnant women with a distinct, established reference range other than the one mentioned in the kit literature. According to the International Federation of Clinical Chemistry (IFCC), reference interval (RI) is defined as an interval, i.e., bounded by 2 percentiles of the reference distribution where a percentile represents a value that splits the reference distribution in a way that a stated percentage of its values has levels less than or equal to the limiting value. Most commonly, the RI of a parameter is defined as the central 95% interval bounded by the 2.5 and 97.5 percentiles of the reference distribution. [5] [6] [7] [8] For valid comparison, to establish gestational thyroid reference range, the study population must be homogeneous to the reference individual in all respects. Therefore, trimesterspecific RIs of thyroid hormone can only provide the best therapeutic guideline for clinical decision making. 9 In India and other developing and underdeveloped world countries, the most commonly ordered thyroid function tests are serum total triiodothyronine (T3), total thyroxine (T4), and thyroid-stimulating hormone (TSH) levels. The most-common method followed for these estimations is the enzyme linked immunosorbent assay (ELISA). Though free T3 and free T4 should be done ideally through other better sensitive methods available, due to various socioeconomic conditions, it is not yet possible to use these other methods for large populations.
The purpose of our study was to determine gestational trimester-specific RIs of serum T3, T4, and TSH in Indian pregnant women in Ranchi area.
MATERIALS AND METHODS
This study was conducted in the Department of Laboratory Medicine in collaboration with the A and E Department and family outpatient department of the Department of Gynaecology and Obstetrics of a 492-bedded hospital from June 2016 to November 2016. It is a descriptive, cross-sectional, and observational study in the reference group of pregnant women in Ranchi area.
Data were collected on the Monday of each week for a period of 6 months. A total of 240 pregnant women having single intrauterine uncomplicated pregnancy with history of consumption of iodized salt were sequentially enrolled. Data regarding gestational age were determined by the last menstrual period and ultrasonography report. A case record form was filled after detailed history and examination were done by the gynecologist. Written informed consent was taken.
The reference sample group was selected by applying the exclusion criteria on the study population mentioned below: The remaining study population (224) created the reference sample group. The reference sample group was then segregated into groups of three trimesters according to gestational age. The first trimester group constituted up to 13 weeks (182), second trimester from 13 to 27 weeks (16) , and third trimester was formed by more than 28 weeks (26) of gestational age women.
About 5 mL of fasting venous blood was collected from each participant. The collected blood serum was separated and stored at -20°C within 1 hour of collection.
LABORATORY HORMONAL ANALYSIS
Serum T3, T4, and TSH assays were done using Readwell TOUCH microplate analyzer and commercially available ELISA kit, namely, BeneSphera™ (Avantor) by quantitative enzyme immunoassay. 10, 11 The analytical sensitivities for T3, T4, and TSH assays were 0.04 ng/mL, 0.4 µg/dL, and 0.078 µIU/mL (1 hour incubation procedure) respectively. The inter-and intra-assay reproducibility values for T3 assays were 8.9% (for low serum range) and <5.5% and <7% (for high serum range). Similarly, for T4, these values were 6.7 and 8.3% (for low serum range) and <5% (for high serum range), and for TSH, these values are <5% (for low serum range) and <6% (for high serum range).
Statistical Analysis
All data were tabulated into MS Excel and analyzed 
RESULTS
The study population comprised 240 pregnant women, out of whom 191 (79.6 %) were in the first trimester, 17 (7.1%) in the second semester, and 32 (13.3%) in the third trimester. The age of the mothers ranged from 18 to 40 years. After considering the exclusion criteria, 16 women were excluded from the study; the ensuing reference sample group of 224 women was further divided into first trimester-182 (81.3 %); second trimester-16 (7.1%); and third trimester -26 (11.6%). This reference population was then used to calculate the reference limits and 0.90 trimester-specific CIs of T3, T4, and TSH. The descriptive statistics of reference population partitioned into three trimesters are shown in Table 1 . The RIs of T3, as obtained in our study, are 1.21 to 1.32 ng/mL for the first trimester; 1.13 to 1.64 ng/mL for the second trimester; and 1.16 to 1.51 ng/mL for the third trimester (Table 2) . Similarly, the RI of T4 for first, second, and third trimesters were 7.57 to 8.13, 7.17 to 8.64, and 7.07 to 8.44 µg/dL respectively, and the RI of TSH for first, second, and third trimesters were 2.26 to 2.84, 1.61 to 3.88, and 1.59 to 2.85 µIU/mL respectively ( Table 2) . Box plots of T3, T4, and TSH values for the three trimesters are depicted in Graphs 1 to 3 respectively. No significant IJMB difference was observed between trimester values of all the parameters. The manufacturer provided only generalized RIs, and no separate pregnancy RI level was mentioned. Generalized RIs of T3, T4, and TSH mentioned in the kit literature were 0.52 to 1.85 ng/mL, 4.8 to 11.6 µg/dL, and 0.39 to 6.16 µIU/mL. These values are different from values obtained from our pregnant reference sample group.
DISCUSSION
Pregnancy is a crucial stage in the life of a woman. Untreated and undetected gestational thyroid disorders are known to cause many complications like anemia, pregnancy-induced hypertension , hemorrhage, preterm delivery in mothers, and low birth weight, prematurity, congenital malformation, intrauterine fetal death, and lower intelligence quotient in children. 12 In recent years, various studies recommend the use of routine thyroid function tests for screening of thyroid disease during normal antenatal checkup. 13, 14 Hence, selection and proper interpretation of gestational thyroid function parameters are important for the well-being of both the mother and the fetus. This study is the first of its kind in the Ranchi area, and, presently, no such pan-Indian reference population data are available.
Our study provides trimester-specific RIs of total T3, total T4, and TSH (Table 2) . On comparing reference data of one trimester to the other by the t-test, it was found the change was not significant. The RI values provided by the kit manufacturer were generalized and not specific for pregnancy/trimester wise. The RIs of T3, T4, and TSH, as supplied by the kit manufacturer, were 0.52 to 1.85 ng/ mL, 4.8 to 11.6 µg/dL, and 0.39 to 6.16 µIU/mL.
On comparing these RIs obtained and the kit manufacturer RIs, an appreciable variation of interpretation of test results was seen. This variation is because the RI provided by the reagent manufacturer has been determined on age-, sex-nonspecific and nonpregnant population, and cannot be applied for the interpretation of thyroid function tests of a pregnant woman.
According to International Federation of Clinical Chemistry (IFCC) guidelines of reference values and recommendations of Indian Thyroid Society in the line of American Thyroid Association, RI in healthy population is to be determined using stringent specific exclusion criteria. 15, 16 To fit the criteria, we have used stringent criteria for our reference population selection. Our laboratory assessments were done by the most commonly used economical ELISA method, using standard instrument and standard kits. Tests were done using accurate and precise methods with proper quality control measures. The statistical strengths are determined by distributions examination and application of proper parametric or nonparametric methods.
Most of the previous such studies have reported trimester-specific reference ranges for free T3, free T4, and TSH among pregnant Indian women. 17, 18 These studies reported wide variation in parameter ranges due to discrepancies in assay methods, ethnicity of study population along with variations in socioeconomic and nutritional status, reference population selection, and sample size determination criteria. 19, 20 The strength of our study is that it is based on the population temporarily migrated to Ranchi for professional purposes and which has a pan-Indian profile because of a multicultural, multiethnic, and demographic distribution. The study population is considered relatively healthier than the average general population, resulting in representation of an ideal pan-Indian reference population. We have assessed total T3 and total T4 level by ELISA method, which is the most commonly assessed, economical, and readily available parameters compared with the free T3 and free T4 levels in our country. The limitations of our study are that there is an inappropriate sample size in the three trimesters; the second and third trimesters have very small sample sizes as compared with the first; and sample groups were not the same, i.e., the three trimesters do not have the same antenatal patients, which would have provided better reference ranges. Further follow-up study with more stringent inclusion and exclusion criteria will improve our strength of data and help to provide more conclusive trimester-specific levels.
To conclude, it is important that each laboratory in our country should determine its own population-and methodbased RI for diagnosing gestational thyroid disorders. These RIs must preferentially be trimester-specific, most readily available, economical, method-specific, and specific for pan-Indian population. To promote this concept, we have determined our own laboratory-specific, method-specific, trimester-wise RIs for the most commonly used thyroid hormone parameter levels using the ELISA method, and intend to use them for screening of Indian pregnant women.
